Introduction
In 1968, Yusho occurred in the western part of Japan as a result of ingestion of a rice-bran cooking oil contaminated with a polycholorinated biphenyl (PCB) product. This occurrence affected about 1800 people and was clinically characterized by acnelike dermal lesions and a variety of constitutional symptoms (1) . Many patients have been suffering from it for over 10 years, though the blood levels of PCBs declined rapidly once oil ingestion was terminated and 5 years later were only a few times larger than those of unexposed persons (2) . On the other hand, in the cases of workers occupationally exposed to PCBs, only a minority had mild dermal lesions, despite high PCB levels in the blood. Discontinuation of handling PCBs resulted in the rapid disappearance of dermal symptoms in the occupationally exposed group (3, 4) . Thus, Yusho is clearly symptomatically different from the occupational PCB poisoning. In Japan, however, there has been a tendency to treat cases of the latter or the effect of PCBs as general environmental pollutants as being identical to Yusho.
In 1979, another Yusholike disease (Yu-Cheng) occurred in central Taiwan, the Republic of China, with a similar cause as in the case of Yusho (5) . About 1700 persons have been suffering from obstinate symptoms as in the Japanese patients.
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The purpose of our study is to clarify etiologically the difference between both Yusho and Yu-Cheng on the one hand and simple PCB poisoning on the other.
Experimental and Materials
Five samples of rice-bran oil involved in the YuCheng outbreak, which had been used in Hui-Ming School for Blindness and by the families of the poisoned patients in Taitung Country were collected in 1979. Their production dates were not known. They were kindly presented by Dr Germany), and its water content was adjusted to 0.8%. Solvents, reagents, and the polychlorinated quaterphenyl (PCQ) standard used here are described elsewhere (6) .
Analytical Procedure
The sample was analyzed for PCBs, PCQs and PCDFs according to a modified method described previously (6) . The method was essentially an alkaline saponification of the sample (5 g ) in 50 mL of 1 N KOH alcoholic solution for 1 hr under refluxing followed by extraction with n-hexane and differential fractionation of PCBs, PCQs and PCDFs with solvents of n-hexane (60 mL), 4% diethyl ether in n-hexane (40 mL), and acetone (80 mL), respectively, on a Florisil column (6 g, 1 cm ID). The first fraction contained PCBs, the second PCQs and the third PCDFs. Quantification of PCBs followed the procedure reported previously (6) . A half aliquot of the second eluate was analyzed qualitatively by GC-MS. The rest was perchlorinated with antimony pentachloride and qualitatively analyzed by ECD-GC according to our previous method (6) . The dData in our early study (8) .
'Prduction date.
fghKanechlor 400 used as a heat exchanger liquid for 14 years at 180-270TC, for 3 years at 200-220TC, and under unknown condition, respectively. (Table 1) . Both the Yusho and Yu-Cheng oils were reported to be contaminated with PCB products which had been used as a heat exchange liquid in the deodorization process of the oil (7, 9) . In the case in Japan, Kanechlor 400 (Kanegafuchi Chemical Industry Co. Ltd., Japan; chlorine content: 48 wt-%) had been used as the medium. When Kanechlor 400 (KC-400) is heated, as in use as a heat exchanger, for a prolonged period at temperatures exceeding 200°C, both PCQs and PCDFs are generated thermochemically from PCBs, resulting in the elevated levels of PCQs and PCDFs compared to the original sample (8) (see Table 1 ). Yusho samples, however, further had concentration ratios of PCQs and PCDFs to PCBs higher than did the used PCB products (Table 1) . Our early study (10) (Table 1 ). This might be attributed to the same cause as seen in the Yusho case.
As shown in Table 2 , Yusho samples contained quite different compositions of PCBs from that of the original Kanechlor 400, showing the higher chlorinated biphenyl congeners than tetrachlorinated biphenyl to increase in relative quantity. This was also found to occur during the deodorization process due to a great difference in the evaporation rate of the various PCB congeners from the processed oil (10) . The composition of PCBs varied depending on the production date (Table 2) , (Table 2) . As shown in Figure 1 , both Yusho and Yu-Cheng specimens contained numerous isomers of trichlorinated to hexachlorinated dibenzofurans. A comparison between the gas chromatographic pattern of the PCDFs found in the two samples showed similarities although in some different proportions of several congeners. It is noteworthy that 2,3, 7,8-tetrachloro-, 2,3,4,7,8-pentachloro-, and 1,2,3,4,7,8-hexachlorinated dibenzofuran isomers were largely present in both purified sample extracts of both Yusho and Yu-Cheng oil, because they were all confirmed to be highly toxic (11, 12) . Figure 2 , the oils involved in both incidents contained similar compositions of PCQs including hexachlorinated through octachlorinated congeners as the major components. In our study (10) , no PCQ congeners were removed from the processed oil in the deodorization tank during the deodorization process. Therefore, the compositions of PCQs present in the two oils might be identical to those in the original PCB products used as heat exchanger liquid for the deodorization of the respective oils. An aliquot of purified PCQ extract from both oils was perchlorinated with antimony pentachloride in order to convert the numerous PCQ congeners into six octadecachlorinated quaterphenyls (C24Cl18, molecular weight: 927). After perchlorination, three peaks showed up in gas chromatograms as illustrated in Figure 3 . The first the second and the third peaks were identified as their retention time, ion clustering due to the chlorine isotope and the major fragmentation products (M+ -Cl, M+ -2C1, M + -4CI, etc.) compared to authentic standards for Table 3 ) perchlorinated PCQs from a sample of Yusho oil produced on February 5, 1968 , and from a sample of Yu-Cheng oil, respectively GC condition: Shimadza GC-6A gas chromatograph eqipped with 'Ni-ECD; column, 0.5 m x 2.6 mm glas column containing 2% SE-54 on Gaschrom Q (100/120); column injector and detector temperatures, 290, 300 and 300°C, respectively; carrier gas, N2 (40 mL/min). The concentrations of PCBs in the tissues of patients with Yusho (cases 1 and 2) who died within a few years following poisoning were only several times those in unexposed individuals (Table 3 ). The tissue level gradually decreased with time following the intoxication, and in one patient (case 5 ) who died in 1979, the level was close to that of the control group. The levels of PCQs and PCDFs, as well as PCBs, in the tissues of deceased patients gradually declined subsequent to the incident (Table 3 ). The tissue levels of PCQs and PCDFs, as well as PCBs, however remained extremly elevated for 10 years compared to those of the control group. For example, even a patient (case 4) who died 9 years following poisoning, had a PCDF level 1016 times higher and PCQ level 15 times higher in his liver than did unexpsed individuals. On the other hand, in an exposed worker (Table 3 ) diagnosed as a case of an occupational PCB poisoning, the dermal lesions chloracne and dark-colored pigmentation-disappeared quickly after discontinuation of handling PCBs. Even 11 years after the termination of exposure, however, the level of PCBs in her milk fat was fairly high, whereas the level of PCDFs or PCQs was similar or lower, respectively, compared to that in the adipose tissue of the control individuals. Therefore, the high contamination by PCQs and PCDFs is thought to be characteristic of Yusho patients.
A rapid reversal of clinical symptoms after termination of PCB exposure was reported as common in occupationally exposed workers whose daily intake (4-12 mg) (3) of PCBs was similar in quantity to that (7.9 mg) (16) ingested by Yusho patients, despite high blood levels of PCBs as much as 10 to 100 times that of the control (3, 4) . From all the above facts, PCDFs and PCQs (other than PCBs) are deduced to be strongly associated with the development of Yusho.
When compared to original PCDFs ingested by the patients which contained 20 to 40 congeners, their number in the tissues was markedly decreased to about 10 ( Fig. 1) (16) . Considering the extremely high toxicity (11, 12) and strong hepatropism (Table 3) (12, 16, 17) of the two major constituents, they might be responsible agents for the lingering symptoms seen in the patients.
PCQs in the liver of deceased patients gave a much broader gas chromatographic peak including highly chlorinated quaterphenyl congeners, while in the adipose tissue there was a sharper peak composed of mainly lower chlorinated congeners. After perchlorination, there was also a difference in the gas chromatographic pattern of the two tissues, showing an increase of the third peak in the liver and first peak in the adipose tissue compared to that of the original PCQs (Fig. 3) . In our experiment (18) , both after and before perchlorination, the gas chromatographic pattern of PCQs retained in the treated monkeys' body varied from tissue to tissue, showing to be distinguishable from the case of PCBs.
From these results, the tissue distribution of PCQs is surmised to be closely related not only to the number of chlorine substitution but also to the nature of the carbocylic structure.
